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ABSTRACT

WATER QUALITY ASSESSMENT:
A HANDS-ON APPROACH TO ENVIRONMENTAL EDUCATION
by
Tracy Lynn Royse
March2003

A water quality assessment lab manual has been created to assist secondary
educators using the HACH water quality testing kits. It consists of ten chemical tests, a
geological survey and a biological assessment largely based upon Washington State
University's lab format and the Walla Walla County Conservation District's water study
protocol. The lab manual also contains safety guidelines, a scoring rubric and an action
plan research project. The environmental approach to science education used in the lab
manual meets the Essential Academic Learning Requirements adopted by the
Washington State Commission on Student Learning as well as the National Science
Education Standards. Current literature and research involving the benefits of
environmental education, inquiry learning, and hands-on education are studied.
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CHAPTER 1
BACKGROUND OF THE PROJECT
Introduction
Historically, the overall goal of education is to create literate citizens who can
read and write. Not until the 1900s did literacy also include interest areas such as science
literacy, computer literacy, and for the purpose of this project, environmental literacy. In
October of 1977, the United Nations Educational, Scientific, and Cultural Organization
(UNESCO), defined environmental education as a "life-long, multidisciplinary approach
to teaching aimed at the world population that is aware of and concerned about the
environment, and its associated problems and that has the knowledge, skills, attitudes,
motivations and commitment to work individually toward solutions of current problems
and the prevention of new ones" (Moseley, 2000, p.1-2). In 1990, UNESCO expanded
the definition to include that environmental education is also a "basic functional
education for all people, which provides them with the elementary knowledge, skills, and
motives to cope with environmental needs and contribute to sustainable development"
(p.2).
The inadequacy of environmental education in our country is of great concern to
many. Specifically, the "public knowledge of the degradation of the nation's riverine
ecosystems and biodiversity is still limited" (Bjorkland & Pringle, 2001, p.l). According
to Wetzel, "within academia, limnology research and teaching is inadequate to meet
current and projected needs for safeguarding aquatic resources" (cited in Bjorkland &
Pringle, 2001, p.2). Furthermore, "the need for effective environmental education is set
against a backdrop of aquatic resource degradation on a global level and problems of
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water scarcity and pollution are likely to become more severe in the near future as the
human population grows and changes in lifestyle necessitate more water sources"(cited in
Bjorkland & Pringle, 2001, p.2). Unfortunately, most people, including those in charge
of policy, are not well educated or concerned about the relationship between the health of
aquatic resources and the economic and social amenities that people enjoy..
Over the years, stream corridors have been manipulated for several reasons. These
include flood control, irrigation, water supply, mining, and recreation. Combined with
increasing land development, these activities result in degraded stream systems in many
of our watersheds (Middleton, 2001). It is up to citizens to take a proactive approach to
ensure the health of rivers and streams by teaching, learning and acting.
Some organizations like the Izaak Walton League of America (IWLA) recognize
that conservation of the nation's natural resources calls for broad citizen education and
involvement. In 1969, the Save Our Streams (SOS) program was set up to involve
citizens in the monitoring and enhancement of freshwater stream biomes. Today, their
goals still remain to develop a citizenry that is knowledgeable about enviromnental
issues. They encourage positive changes in individual behavior to ensure the
sustainability of water sources. The Save Our Streams program makes the public aware
of the direct effect of individual actions on water resources while motivating public
support for local, state and federal projects. Finally, they encourage citizen participation
in conservation projects like stream monitoring (Middleton, 2001).
The IWLA SOS educational organization implements several successful statewide
stream monitoring programs and offers a variety of well-researched methods to stream
examiners. They suggest when planning for stream restoration projects, monitors should
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examme the biological, physical and chemical characteristics of a stream source.
Hydrology, instream habitats for fish and macroinvertebrates, riparian and floodplain
vegetation, water quality and stream channel dimensions should be studied. The IWLA
SOS educational organization also suggests a qualitative approach to macroinvertebrate
study. It. separates macroivertebrntes into three categories in accordance with the general
pollution tolerance index values. These practices are of great value to this specific project
for Walla Walla High School that is discussed in greater depth later in the chapter.
Some educators see that it is crucial, now more than ever, to incorporate
environmental education into their everyday classrooms. In Rolling Meadows, Illinois,
students from the Leaming Academy work to stabilize the banks of Salt Creek.
According to principal Deborah Zech, "students are building character and working as a
team" (cited in Del Re, 2001, p.2NW.5A). Students also test the chemical qualities of the
water. Instructor Brown claims "all these kids are real enthusiastic and what they have
learned in their science, math, environment, art and computer classes is coming into play
as they work on the project" (cited in Del Re, 2001, p.2NW.5A). Teacher Jocelyn Jansen
also adds that "part of this focuses on character education, for they learn to respect and
cooperate" (cited in Del Re, 2001, p.2NW.5A).
At Northeast High School in St. Louis, Missouri, students are making similar
strides. Teachers Nancy Farr and Denise Lutes are making class as hands-on and real-tolife as they can. Both agree that the best way for students to learn is by doing. Students at
this high school are taking part in a river mapping project in conjunction with the Canyon
Ferry Limnological Institute. Teacher Farr concludes that "this is chemistry for
everybody. It has gone from a focus on calculations to an environmental and social focus.
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We are trying to teach real-life science. We want students to be good citizens, good
inhabitants of the earth" (cited in Holleman, 1995, p.2). Teacher FatT also recognizes an
impmiant point, that "students learn best when they see the value of what they are doing"
(cited in Holleman, 1995, p.2). It should be noted that these students follow similar
protocols that the IWLA SOS organization follows for stream monitoring.
Along with enhancing appreciation for the natural world, strengthening
understanding of ecosystems, and bringing to life the extent of human impact,
environmental education has many more benefits. Some believe that it is a type of
learning for the future because it requires "the integration of experience into education,
and experience is an indispensable ingredient of good thinking" (Orr, 1999, p.3). In other
words, environmental education promotes clitical thinking skills.
Other learning skills enhanced through environmental education include creative
problem solving, teainwork, inductive reasoning skills and lifelong learning (Wehmeier,
1996). Not only are there many positive outcomes, but several participants. According to
Battles and Franks, the option of environmental sciences in schools "positively affects
groups traditionally underrepresented in the sciences-specifically, women and African
Americans" (2003, p. l). This translates into more people doing good for themselves and
the world. Why not extend this notion to Walla Walla?
Nestled in the foothills of the Blue Mountains, Walla Walla High School offers
students a multitude of hands-on learning experiences right on cainpus. Yellowhawk
Creek, a tributary of both Mill Creek and the Walla Walla River, runs through the middle
of the high school and not only provides aesthetic enjoyment, but also a unique
opportunity for environmental education. Yellowhawk supports a variety of aquatic life
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including several salmon species, dace, shiners, sculpins, macro- and micro-invertebrates
and an assortment of vegetation. Some portions of the stream are maintained for visual
purposes, while others are left in a natural growing state. These different habitats are
perfect for comparing water quality and its affect on aquatic life.
Due to the fact that the environment of Walla Walla High School lends itself to a
unique learning experience, science teachers have adopted a "freshwater biome" unit as
part of the biology curriculum. This unit focuses on not only the biology of Yellowhawk
Creek, but also its geology, chemistry and physics. This multidisciplinary approach
encourages young high school students to explore a wide variety of science subjects and
often leads them to pursuing further education in the field.
A major theme of the "freshwater biome" unit is water quality testing. Currently,
Walla Walla High School borrows HACH water quality test kits from Washington State
University. The kits contain all of the equipment and chemicals needed for each of the
water quality tests. These kits also include extensive directions for each water quality test
that contain too much extraneous information that is irrelevant to students. Often times,
students struggle reading the procedure and are rushed through the investigation. Poor
results, misinformed students, and behavioral problems are only a few of the
consequences. Furthermore, no background information regarding the importance of each
test is included with the HACH kits. It is up to the teacher to introduce, clarify and
expand on each of the tests along with the overriding idea of water quality.
Purpose of the Project
Currently, there is not a useful laboratory manual that adequately supplies
students with background information, pre-sampling exercises, clear procedures for

6

performing the tests, and follow-up exercises for water quality analyses. Therefore, the
purpose of this project is to develop a water quality lab manual that includes these
necessary features. After careful consideration of Walla Walla public school's secondary
biology cuniculum, materials provided by the HACH kits, the IWLA SOS protocols, the
State of Washington Department of Ecology's statewide water quality assessment data
and Walla Walla County Conservation District's water quality management program; ten
water quality tests in conjunction with a geological survey and biological assay have been
selected to compile the manual. Along with these necessary features, scoring rubrics and
safety guidelines are added to give students clear expectations of their performance and
behavior. Finally, the culminating piece, a plan of action project allows students to reflect
on their studies and further research in order to initiate change in their community.
The manual will operate to meet a variety of objectives. First, several essential
academic learning requirements will be met. Students will develop the attitudes,
knowledge and skills essential in helping to maintain and improve the water quality of a
local river. Second, students will partake in meaningful work that can make science
useful. Third, accumulated data will be useful in stream management and reclamation
projects. Finally, aquatic organisms and the quality of our drinking water can be greatly
benefited.
Significance of the Project
As previously mentioned, students engaged in this hands-on approach to water
quality analysis will also meet several of the essential academic learning requirements
mandated by the Washington State Commission on Student Leaming (1997). These
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standards are not only aimed at increasing scientific literacy, but also challenge the
students in the fields of mathematics, English and communication.
Not only will this academic endeavor challenge students, but it will also prove to
be a satisfying experience as well. Students will have the opportunity to practice real-tolife science and engineering skills. They will use critical thinking skills to solve problems
that are relevant and meaningful. Taking ownership of the environment will bring them
great pride and confidence. It will also bring a greater understanding of nature.
Limitations of the Project
The limitations to the project are as follows:
1. The project is designed to fit the needs of the biology curriculum at Walla

Walla High School.
2. The project mainly centers on the use of HACH kits borrowed from
Washington State University. It is possible that the HACH kits may become
outdated or unavailable.
3. The length of time Washington State University allows to borrow the
equipment can vary, as well as the time of year. Seasonal changes can alter
water quality test results.
4. Based on the length of time allowed for equipment use, the investigation can
last for approximately 3-4 weeks.
5. Deficiencies in the literature include lack of information relating to the use of
HACH kits. Most literature includes investigations based on expensive
computer analysis programs unavailable to Walla Walla High School.
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Definitions ofTenns
As used in this study, the following terms will be defined as follows:
Acids: Substances with more hydrogen ions than hydroxyl ions. They have pH
values that are less than 7.
Algae

blooms;

The extensive growth of aquatic nonvascular plants that contain

chlorophyll and other pigments.
Bases: Substances with more hydroxyl ions than hydrogen ions. They have pH
values that are more than 7.
Biochemical oxygen demand: It is the measure of the quantity of oxygen used by
microorganisms in the aerobic oxidation of organic matter.
Canopy: It is the overgrowth of vegetation over a stream that provides shade.
Cultural eutrophication: It is the human-caused enrichment of water with
nutrients, usually phosphorus.
Discharge: It is the volume of water moving through a spot in a particular time.
Dysentery: A disease characterized by extreme diarrhea with passage of mucus
and blood.
Essential Academic Learning Requirements (EALR's): They are benchmarks set
for student achievement in Washington State. They are objectives in academic subject
matter that eventually all students will have to meet in order to graduate.
Exotics: These refer to plantlife that is atypical of a studied area.
Fecal Colifonn: They are bacteria that live in the feces of wann-blooded
organisms used to help detennine the probability of contracting a disease in a water
source.
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Flocculent (floe): A precipitate from a chemical reaction characterized by small
chunks of material.
Gastroenteritis: A disease characterized by the inflammation of the lining of the
stomach and intestines.
HACH: It is the company that makes the water quality testing kits used in this
study.
Herbaceous: This refers to a leaf-bearing tree that usually has a single growing
season. It has little or no woody tissue.
Hepatitis: A disease characterized by inflammation of the liver.
Incubation: This is a process where bacterial colonies are warmed in favorable
conditions for growth in a heating apparatus.
Instream flows: These are streamflows that are required to maintain a particular
set of conditions in a stream. They are often dete1mined for streams subject to water
withdrawals for municipal uses, hydropower generation and irrigation.
Ions: These are atoms that contain a charge.
Latitude: A position of a location measured in degrees based on its distance north
or south of the earth's equator.
Longitude: The position of a location measured in degrees based on the arc of the
earth's equator intersected between the meridian of a given place and the prime meridian.
Macroinvertebrate: In this study, they are aquatic insects or the aquatic stages of
insects that are able to be seen with the unaided eye.
Meander: The alternating erosion and deposition of a stream characterized by
distinct curves.

10

Metabolism: It is the sum of chemical changes in living cells by which energy is
provided for vital processes and activities.
Methemoglobinemia: It is a condition that prevents a baby's blood from carrying
oxygen due to high nitrate levels in drinking water.
Nitrate: A compound made of nitrogen and oxygen that is used by plants for
growth.
Pathogen: This is a disease-causing microorganism.
Pesticide: an agent used to destroy insects

QR: This water quality test measures the hydrogen 10n concentration and
determines the acidity or basicity of a water sample.
Phosphate: A compound made of phosphorus and oxygen that is used for plant
and animal growth.
Photosynthesis: It is the process in which plants use the sun's radiant energy to
produce sugars.
Point bar deposit: It is the build-up of sediment on the inside of a meander of a
stream.
Qualitative: This refers to a type of data that is descriptive without the use of
numbers.
Riparian: This is a term that refers to things living or located on or near the banks
ofa stream.
Secchi disc: A type of turbidimeter consisting of a black and white disc attached
to a chain that is marked by foot increments used to measure turbidity.
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Surber Sampler: This is a device made of a metal frame with an attached net used
to capture insects in a stream.
Suspended Solids: Clay, silt, living orgamsms, industrial wastes and sewage
suspended in a water source.
The1111al pollution: Pollution caused by industries when hot water is discharged to
cool machinery.
Titrant: A reagent of precisely known strength that is used in a chemical reaction
to determine the concentration of an unknown substance.
Total solids: A water quality test that measures the amount of dissolved solids,
suspended solids and solid matter.
Turbidimeter: A device used to measure the clarity of water.
Turbidity: It is the measure of the relative clarity of water: the greater the
turbidity, the murkier the water.
Typhoid Fever: It is a communicable disease marked by fever, diarrhea, headache
and intestinal inflanunation caused by bacteria.
Watershed: It is the land from which water is drained into a river.
Washington State Commission on Student Learning: It is a state agency aimed at
raising the academic standards for all students. The standards focus on achievement of
state learning goals.
Weir: A fence, log, blockade of rocks or other enclosure set in a waterway.
Woody: This refers to a tree type that has xylem, phloem and wood fibers.
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Overview of the Remainder of the Project
Chapter Two is a review of the related literature to (a) the Essential Academic
Leaming Requirements, (b) the National Science Teaching Standards, (c) the justification
for environmental education, (d) the justification for inquiry-based education and a
constructivist aIJproach and (e) the significance and appropriate results for water quality
testing procedures. Chapter Three outlines the procedures undertaken by the author to
collect information relevant to the importance of environmental education and the
attainment of appropriate resources to compile the manual. Chapter Four is the water
quality assessment lab manual. Chapter Five summarizes the project, presents
conclusions and makes recommendations.

CHAPTER2
REVIEW OF RELATED LITERATURE
Introduction
The review ofliterature is divided into the following categories:
1. Essential Academic Leaming Requirements
2. National Science Teaching Standards
3. Justification for Environmental Education
4. Justification for Inquiry-based Education and a Constructivist Approach
5. Significance and Appropriate Results for Water Quality Testing Procedures
Essential Academic Leaming Requirements
Students engaged in this hands-on approach to water quality analysis will meet
several of the essential academic learning requirements mandated by the Washington
State Commission on Student Leaming. These include and are not limited to the
following components as outlined in the Essential Academic Leaming Requirements
Technical Manual (1997).
The student understands and uses scientific concepts and principles. To meet
this standard, the student will:

1. Identify, describe and categorize living things based on their characteristics.
2. Measure properties and characteristics.
3. Recognize the components, structure, and organization of systems and the
interconnections within and among them.
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The student conducts scientific investigations to expand understanding of the
natural world. To meet this standard, the student will:
1. Think logically, analytically and creatively.

2. Practice principles of scientific inquiry.
The student applies science knowledge and skills to solve problems or meet
challenges. To meet this standard, the student will:
1. Identify problems and challenges in which science knowledge and skills can
be applied.
2. Test a variety of ways to address problems.
3.

Evaluate solutions and consequences.

The student uses effective communication skills and tools to build and
demonstrate understanding of science. To meet this standard, the student
will:
1. Use listening, observing, and reading skills to obtain science information.

2. Use writing and speaking skills to organize and express science ideas.
3. Use effective communication strategies and tools to prepare and present
science information.
The student understands how science knowledge and skills are connected to
other subject areas and real-life situations.

To meet this standard, the

student will:
1. Use mathematics to enhance scientific understanding.

2. Understand the relationship between science and technology.
3. Examine the relationship among science and society" (p.71-72).

15

National Science Teaching Standards
The National Research Council provides criteria for judging science education
progress. In the National Science Education Standards, this council describes what
teachers of science should understand and be able to do. The methodology used with the
water quality analysis lab manual meets the following standards.

Teaching Standards
Standard A: Teachers of science plan an inquiry-based science program for their
students.

Standard B: Teachers of science guide and facilitate learning.
Standard D: Teachers of science design and manage learning environments that
provide students with the time space, and resources needed for learning science.

Standard E: Teachers of science develop communities of science learners that
reflect the intellectual rigor of scientific inquiry and the attitudes and social values
conducive to science learning (NRC, 1996, p.1-13).
Justification for Environmental Education
Not only will this academic endeavor challenge students, but it will also prove to
be a satisfying experience as well. According to authors of A Secondary Level MiniCuniculum For the Analysis of Water Quality, "when students realize they are doing
tasks that actual scientists and engineers perform, they may feel a sense of importance.
They experience quality in their education because there is meaning in the work and it is
not viewed as busy work" (Bennett & Hanson, 1996, p.3).
The State Education and Environmental Roundtable reported that "schools that
use their surrounding environments as teaching tools see an increase in test scores and
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improvement in student behavior" after a study conducted on 40 schools who use nature
for their classroom (1998, p.1). Furthe1more, teachers in this three-year study also
reported improvements in students' enthusiasm and critical-thinking skills.
A similar idea presented by Pam She1man in "Empowering Students to do
Extraordinary Things: Environment as an Integrating Context" concluded that "students
are gaining basic life skills-better, more caring relationships, acting responsibly,
working independently, cooperatively, and collaboratively, developing communication
skills, seeking and demonstrating leadership, understanding thinking and communicating
about issues larger than themselves, and becoming involved in their communities. They
develop confidence and a sense of ownership" when using their local environment for
learning (1998, p.2).
Tim Grant, one author of Green Teacher magazine has more to add to the benefits
of using the local environment to increase student success. In his article "A Breakthrough
for Environmental Education" he quotes a study in which hundreds of teachers and
students were surveyed in regards to hands-on environmental education and suggests
students "retained more of what they learned and produced greater volumes of higher
quality writing. They had more opportunities to apply mathematics and science in realworld contexts and better understood the concepts of these subjects" (1998, p.1 ).
Harrington adds to the importance of environmental education by suggesting:
"The child who is not taught that the abuse of land can lead to the downfalls of
nations has been deprived of one of the most valuable lessons that history can
teach. Some knowledge of both the resilience and the fragility of the earth is as
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much a part of basic education as reading and writing" (cited in Cleveland, 1996,
p.18-19).
Rutherford and Ahlgren further support the need for environmental education by
suggesting the environment is a natural organizing principle for the teaching of science
because of its relationships to real-world problems (cited in Cleveland, 1996).
The study of water should be a major theme when studying the environment says
Orr. He claims water quality analysis should be implemented in all schools due to the fact
that it is important to human survival and such a valued resource (cited in Cleveland,
1996).
According to Saveland and Orr, activities that place students in authentic
environmental situations are essential to environmental education programs (cited in
Cleveland, 1996). Emery, Davey and Milne report that higher order thinking skills
increase when students are exposed to field activities that require the scientific method
such as observing, analyzing, synthesizing and testing (cited in Cleveland, 1996).
Justification for Inquiry-based Learning and a Constructivist Approach
Inquiry is a method of teaching that involves asking questions and attempting to
answer them through investigations involving experimentation and data collection. It also
involves the logical analysis of the data and research from existing sources (Johnson,
2003). In Johnson's article "Inquiry, Keeping Science In the Schools" a pair of research
studies in Wisconsin show that greater student achievement results when they are
involved in inquiry-based programs. Johnson believes students "must experience inquiry
to gain a strong understanding of its characteristics" and by doing so students are allowed
to "investigate, reevaluate, and construct new knowledge" (p.1).
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In Melissa DiGennaro King and Margaret C. Bruce's article published in Science

& Children magazine, the authors promote inquiry-based learning so students will
"develop scientific habits of mind" and link lab experiences with the real world (2003,
p.30).
The National Research Council believes "inquiry into authentic questions from
student experiences is the central strategy for teaching science" and teachers should
consider their local resources in the local environment to meet the needs of students
(1996, p.4). The National Research Council also holds that "at all stages of inquiry,
teachers guide focus, challenge and encourage student learning" (p.6).
Although the research suggests that inquiry-based learning is most effective,
many schools across our nation are failing to incorporate it in their science curriculum.
According to The Education Digest, "less than 5 percent of instructional time was
allocated to lab work, less than 10 percent to collecting data" in a four-state study
conducted by Andrew Porter and his colleagues at the University of Wisconsin (1994,
p.72).
Guiding students is an essential component of the Constructivist thought of
teaching and learning. In Timothy Carter's article "Focusing on Learning," the author
suggests that students must have practical and conceptual knowledge of science in order
to completely comprehend it (1999). To achieve this, Carter suggests a Constructivist
approach to teaching and learning where the teacher provides appropriate tools and
environment for students to critically think, problem solve and collaborate, imitating reallife skills.
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Other Constructivists, Jakupcak, J ., Rushton, Jakupcak, M. and Lund!, promote
inquiry-based learning in their article published in a 1996 edition of The Science Teacher.
The authors believe inquiry-based learning "is demanding, student-directed, and activityoriented approach" that "expects students to become increasingly responsible for their
learning" (p.41 ). Jakupcak et al. promote group settings to learn material,
experimentation and the ability to apply knowledge to real life situations. The authors
claim that students who are able to practice inquiry-based learning demonstrate greater
interest in science as evidenced by the complexity of their science fair projects.
A Constructivist viewpoint holds that the process of teaching and learning is
student-centered, taking account of individual differences. Author Jennifer Nolen
presents a strategy using Howard Gardner's Multiple Intelligences for accommodating
students with a variety of academic strengths and weaknesses in her article "Multiple
Intelligences in the Classroom" (2003). Within Gardner's theory students have strengths
and weaknesses in eight categories. And according to Nolen, a teacher can plan a lesson
or unit using the categories. After reviewing the categories, the water quality analysis lab
manual and its presentation meets seven of the eight intelligence categories: linguistic,
mathematical-logical,

spatial,

bodily-kinesthetic,

interpersonal,

intrapersonal and

environmental.
Significance and Appropriate Results of Water Quality Tests
Stream Flow
It is important to study the discharge of a stream because stream flow affects
everything from the concentration of substances in the water to the distribution of
organisms and habitats located in and around the stream. The physical features of a
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sh·eam like streambed composition and the shape of the channel are related to flow.
These features dictate which types of organisms are present.
Stream flow is measured with the purpose of repeating the test during different
seasons of the year and comparing the discharges over several years. There is no
particular result to look for, but a comparison of results over an extended period of time
(Stevens, 2000a).
Dissolved Oxygen
Measuring the dissolved oxygen concentration is an important test because most
aquatic organisms use it to survive. Rivers with high amounts of dissolved oxygen are
considered healthy and those with low amounts are usually polluted. Depletions in
dissolved oxygen can result in changes in frequencies of aquatic life found in the water
(Mitchell and Stapp, 1996).
When effluents containing organic matter are added to a river, the material is
broken down by microorganisms in the water. In return, the microorganisms use up the
dissolved oxygen and limit its use to other aquatic organisms. Furthermore, different
species can tolerate different levels of dissolved oxygen. Therefore, different types of
aquatic life can be used to indicate the health ofa stream (Jones, 1964 and Eddy, 1963).
Low levels of dissolved oxygen can have lethal effects on fish. Low levels of
dissolved oxygen can interfere with embryonic development, respiration, metabolism,
larval growth, juvenile growth, swimming performance and other general behaviors of
fish (Alabaster and Lloyd, 1980).
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In 1988, a summary of the Washington statewide quality assessment reports "a

little less than 1200 stream miles of nearly 78 rivers and streams are affected by low
amounts of dissolved oxygen" (Dept. of Ecology, p.5).
The amount of dissolved oxygen needed to maintain the normal attributes of the
life cycle of fish under otherwise favorable conditions "lies within a range between three
and seven milligrams per liter" (Alabaster and Lloyd, 1980). Bennett and Hanson suggest
"at least 50% saturation for streams" (1996, p. 39).
Fecal Coliform
The fecal coliform test is significant to the health of not only aquatic organisms,
but also humans. "Diseases and illnesses such as typhoid fever, hepatitis, gastroenteritis,
dysentery, and ear infections can be contacted in waters with high fecal coliform counts"
(Mitchell and Stapp, 1996, p.35). The suitability of water for domestic, industrial and
other uses mostly depends on the fecal coliform test because it is a criterion of the degree
of pollution (Clesceri, Greenburg and Trussell, 1989).
Coliform standards proposed by Mitchell and Stapp indicate the following.
Drinking water "should not exceed 1 colony in a 100 milliliter sample; swimmers should
not come into contact with more than 200 colonies per 100 milliliter sample; and treated
sewage effluent should not exceed 200 colonies per 100 milliliter sample" (1996, p. 35).
pH
The pH test indicates the amounts of acids and bases in water. Humans change the
pH of water by increasing the amounts of nitrogen oxides and sulfur dioxides into the
atmosphere. Changes in pH can be detrimental to aquatic life. "Immature stages of
aquatic insects and young fish are extremely sensitive to pH values below 5" (Mitchell

22

and Stapp, 1996, p.45). Furthermore, acidic conditions cause the leaching of metals into
rivers. The metals collect on fish gills and may cause deformities or even death
(Alabaster and Lloyd, 1980). The Department of Ecology reports "400 stream miles in 22
rivers across Washington State are affected by pH problems" (1998, p.5).
According to Alabaster and Lloyd, pH values lower than 5.0 usually result in fish
mortality, although some rare species of fish can tolerate pH levels as low as 3.7.
Furthermore, pH values of 9 and 10 can be harmful to a few species but above 10 are
usually fatal (1980).

Mitchell and Stapp suggest "the largest variety of organisms

including trout, mayfly nymphs, stonefly nymphs, and caddisfly larvae survive in the pH
range of 7 to 9" ( 1996, p.44 ). They also state that "plants tolerate a neutral to basic range
of about 7 to 12.5" (1996, p.44). Bacteria, according to the same authors," can tolerate
the largest range ofpH-2 to 13.5'' (1996, 44).
Biological Oxygen Demand
Biological oxygen demand measurement is important because it indicates high levels of
pollution. Effects of paper mills, meat plants, food processing plants, wastewater
treatment plants, and agricultural run-off can be analyzed using the biological oxygen
test. When pollution occurs, low oxygen-consuming ones usually replace high oxygenconsuming organisms. Thus, ecosystems are rearranged (Mitchell and Stapp, 1996).
Clesceri, Greenburg and Trussell suggest "the DO uptake in 5 days at 20 degrees
Celsius should not be more than 0.2 milligrams per liter and preferably not more than 0.1
milligrams per liter" (1989, p.5). Mitchell and Stapp add that "in waters suspected of
carrying large amounts of organic waste/sewage, the oxygen demand may be so great that
all oxygen is consumed before the 5-day period" (1996, p.50). Therefore, the results
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would be inaccurate.

Bennett and Hanson disagree with the previous authors. They

suggest the biological oxygen demand be less than 6 milligrams per liter (1996).
Temperature
The majority of chemical, physical and biological aspects of a river are affected
by a river's temperature. Temperature influences the amount of dissolved oxygen,
photosynthetic rates, metabolic rates, and the sensitivity of organisms to disease (Mitchell
and Stapp, 1996). Every species of fish has an existence within a prefe1Ted temperature
zone and will eventually die if the water exceeds the upper or lower limits (Jones, 1964).
Effects of dams can be analyzed when measuring temperature. According to
Alabaster and Lloyd (1980), electrical power plants are a source of heated effluent
discharge that increases the temperatures to several degrees above normal. This is also an
area of concern for the biologists trying to protect the Columbia and Snake Rivers'
salmon population (Mighetto and Ebel, 1994).
The Department of Ecology of the state of Washington announced in 1988 that
"nearly 1000 stream miles in 61 streams and rivers around the state are affected by
temperature problems" (p.5).
Bennett and Hanson state that in general, cold water is beneficial to fish while
warm water is advantageous for plants. More specific, they suggest that "a temperature
less than 15 degrees Celsius is optimal for most aquatic life" (1996, p. 16).
Phosphates
Phosphates are important to aquatic life, specifically to plant growth. However,
excessive phosphates can cause massive algae blooms that exhaust freshwater biome
habitats of space, food and oxygen. Cultural eutrophication is mainly human-caused.
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Humans increase the amounts of phosphates by disturbing land and its vegetation,
increasing agricultural run-off and human wastes into rivers (Mitchell and Stapp, 1996).
Due to the fact that more than 85% of the land in the Walla Walla Basin has included
cropland and rangeland, this is an important test to consider on Y ellowhawk Creek (Sate
of Washington Dept. of Ecology, 1977).
Mitchell and Stapp report that "total phosphate concentrations of non-polluted
waters are usually Jess than 0.1 mg/L" (1996, p.60).
Nitr·ates
Nitrogen is another element needed by living organisms. However, it too can
cause eutrophication if in excess. Methemoglobinemia, or "blue-baby'' syndrome is
another serious condition caused by too much nitrates in drinking water. Due to the fact
that the main channel linked to Yellowhawk Creek supplies 85% of Walla Walla's
drinking water, it is important that we test for nitrates in this location (State of
Washington Dept. of Ecology, 1977). "Sewage is the main source of nitrates added by
humans to rivers" (Mitchell and Stapp, 1996, p.61-62). Other sources of nitrates include
fertilizers and agricultural runoff. A high nitrate range "is between O and 10 milligrams
per liter. A low range is between O and 1 milligram per liter" (p. 63).
Turbidity
Turbidity is another area of concern for the maintenance of rivers' ecosystems.
"High turbidity may be caused by soil erosion, waste discharge, urban runoff, abundant
bottom feeders (such as carp) that stir up bottom sediments, or algal growth" (Mitchell
and Stapp, 1996, p. 66-67). High levels of turbidity indicate warm water, less oxygen and
diminishing aquatic life. With excess solids in the water, fish also are in danger of
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clogged gills and reduced growth rates (Alabaster and Lloyd, 1980). Living conditions
for aquatic insects also diminish (Needham and Needham, 1962 and Mitchell and Stapp,
1996).
Turbidity is also important to human health and economy. "Beverage producers,
food processors, and treatment plants drawing on a surface water supply commonly rely
on coagulation, settling, and filtration to insure an acceptable product. The clarity of a
natural body of water is a major determinant of the condition and productivity of that
system" (Clesceri et. al., 1989, p. 2-12).
Bennett and Hanson (1996) say "drinking water should have a turbidity of lNTU
and healthy streams should have a turbidity measurement of greater than 9 inches or less
than 35 NTU's" (p. 39).
Total Solids
Related to turbidity, is the test for total solids. The amount of dissolved and
suspended solids in a river can indicate levels of industrial wastes and sewage that are
dangerous to humans and aquatic life. Major affects of high concentrations of total solids
include reduced water clarity, decreased photosynthesis, and higher water temperatures
(Mitchell and Stapp, 1996 and Alabaster and Lloyd 1980).
The Department of Ecology's review of Washington State rivers finds close to
"1500 stream miles in 126 rivers and streams have siltation and suspended solids
problems" (1988, p.5).
Drinking water should not exceed 500.0 parts per million of total solids.
Furthermore, healthy streams should not contain more than 375 milligrams per liter of
total solids (Bennett and Hanson, 1996).
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Macroinvertebrate Analysis
Measuring the macroinvertebrate community provides a biological measurement
of water quality. Insects respond quickly to changing stream conditions and are good
indicators of stream health. Certain macroinvertebrates can survive in conditions that are
unfavorable to others. Taking inventory of macroinvertebrate species and grouping them
into sensitivity categories allows one to learn the status of water quality. According to the
provisional water quality rating scale compiled by Matt Stevens of the Walla Walla
County Conservation District, a score less than 15 is poor, and a score greater than 25 is
excellent when calculating a biological index of water quality (2000).
Summary
Research and literature in chapter two of this project support the hands-on
environmental approach to science education. Evidence from the state commission on
student learning requirements, the National Science Education Standards, integrated
environmental learning contexts and a variety of studies suggest using nature as a
classroom has many benefits. This chapter also provides a rationale for each water quality
test and the appropriate results.

(

CHAPTER3
PROCEDURES OF THE PROJECT
Introduction
The purpose of this project was to develop a water quality laboratory manual that
meets the requirements of the Walla Walla School District's biology curriculum, is
consistent with the Washington State Academic Essential Leaming Requirements and the
National Science Education Standards, and complements the HACH water quality test
kits.
This chapter contains information detailing:
1) Process used to develop the project
2) Components of the project
3) Process used in the assessment of the project
Process Used to Develop the Project
Together, the Walla Walla High School's environment, biology curriculum, the
Washington State Academic Essential Leaming Requirements and the National Science
Education Standards lend themselves to a unique learning opportunity for students. The
complementation of these elements encourages science educators to teach a unit on the
freshwater biome. The freshwater biome unit is integrated and thematic. That is, it
includes a variety of subjects including geology, biology, physics, chemistry and
mathematics. The water quality laboratory manual is a compilation of information and
tests that encompass these significant themes.
Researching the Walla Walla High School's environmental conditions, biology
curriculum, the Washington State Academic Essential Leaming Requirements and the
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National Science Education Standards is only paii of the process used in developing the
project. Other areas of research include the validity of hands-on science and
environmental education, the water quality needs of the Walla Walla River Basin, preand post-lab questioning techniques, appropriate laboratory manual formats, HACH
water quality test procedures, and water quality test background information and
significance.
Reviewing a variety of laboratory manual formats is critical in deciding which
one will best fit the purpose of the project and academic needs of the students. The
majority of laboratmy manuals investigated show similar components: pre-lab questions,
a purpose of the test, materials needed for the test, procedure, data and calculations, and a
conclusion writing section. These sections are consistent with the scientific method and
therefore selected for this particular project (Washington State Commission on Student
Leaming, 1997). The format of the manual is also consistent with most Washington State
University science laboratory manuals and with field manuals used by the Walla Walla
County Conservation District.
Components of the Project
The laboratory manual consists of the following components: a title page, table of
contents, letter to students, a scoring rubric, safety guidelines and contract, general site
and personnel information, a plan view sketch, bank and riparian conditions evaluation,
eleven water quality tests with appropriate background information, pre-lab questions,
statement of the purpose, procedural directions, data and calculations, a conclusion and
analysis writing section and post-lab questions. The manual also allows students to
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synthesize their learning in a Plan of Action project. Finally, the manual concludes with
an appropriate reference section.
Process Used in the Assessment of the Project
After developing the laboratory manual, the project was evaluated according to
Beane's criteria for success (cited in Cleveland, 1992, p. 39). The laboratory manual
meets the following criteria:
1. The project involve[s] a concern that [is] widely shared by young adolescents

and involve[ sJ a larger socially significant issue
2. The project [has J the potential to engage a wide range of knowledge and
resources, and pose[ sJ opportunities for in-depth work
3. The project present[s] possibilities for a wide range of activities
4. The project present[s] possibilities for social action
The project will further be evaluated by assessing students' data, quality of
conclusion and analysis answers, pre- and post-lab answers, objective test answers,
behaviors, attitudes, action plan report and the quality of questions asked.

CHAPTER4
THE PROJECT
Project Organization
A water quality assessment lab manual has been created to assist secondary
educators using the HACH water quality testing kits. It consists of ten chemical tests, a
geological survey and a biological assessment largely based upon Washington State
University's lab format and the Walla Walla County Conservation District's water study
protocol. The lab manual also contains safety guidelines, a scoring rubric and an action
plan research project. The environmental approach to science education used in the lab
manual meets the Essential Academic Learning Requirements adopted by the
Washington State Commission on Student Learning as well as the National Science
Education Standards. The water quality assessment lab manual is organized into the
following sections:
1. Title Page

2. Table of Contents
3. Letter to Students
4. Water Quality Analysis Lab Manual Scoring Rubric
5. Water Quality Safety Guidelines and Contract
6. General Site and Personnel Information
7. Plan View Sketch
8. Bank and Riparian Vegetation
9. Stream Flow Lab
10. Chemical Tests
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a. Temperature Lab
b. pH Lab
C.

Dissolved Oxygen Lab

d. Biological Oxygen Demand Lab
e. Total Phosphates Lab
f.

Ni!rates Lab

g. Turbidity Lab
h. Total Solids Lab
I.

Fecal Coliform Lab

11. Macroinvertebrate Analysis
12. Benthic Macroinvertebrate Key
13. Plan of Action
14. References
The water quality analysis lab manual is designed to meet the needs of secondary
students and can be adapted to target specific grade levels. The manual can also be
modified to meet the needs of a society with changing technology.
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WATER QUALITY ANALYSIS:
A HANDS-ON APPROACH TO SECONDARY SCIENCE

By Tracy L. Royse

C
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Dear Students,
Water is the most common substance found on earth. In fact, did you know that
80% of the earth's surface is water? Water makes up almost 2/3 of the human body and
70% of the human brain. While its use varies from community to community, the average
American family uses 183 gallons of water per day for cooking, washing, flushing and
watering purposes. About 2.5 quarts of water per day are needed by us to maintain good
health (Environmental Protection Agency, 1997, p.l).
So, we know water is abundant and water is important. However, 97% of the
earth's water is saltwater in oceans and seas. Of the 3% that is freshwater, only I% is
available for drinking and the remaining 2% is locked up in polar ice caps (p. l ). What
does this mean? This means we must take action now to maintain our limited water
supply.
How will we do this? Together, we will analyze the quality of our local water
source, Yellowhawk Creek, through a series of geological, chemical and biological tests.
We will observe how pollutants in our community have affected water quality and the
organisms living in or near the stream. After carefully assessing the stream, it will be up
to you to devise an action plan to help maintain or improve the water quality in your
community.
Good luck on your investigations. Keep in mind that the amount of water is
constant and recycled through time. In fact, it is possible that you drank water that a
dinosaur once bathed in. What will water conditions be like for future generations? It is
up to you to decide.
Sincerely,
Mrs. Royse
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Water Quality Analysis Lab Manual Scoring Rubric

Description

Points Earned

1. Pre-lab questions are answered in complete

10 9 8 7 6 5 4 3 2 1 0

sentences.
2. Pre-lab questions are answered with accuracy.

10 9 8 7 6 5 4 3 2 1 0

3. Pre-lab questions are answered prior to lab procedure.

10 9 8 7 6 5 4 3 2 1 0

4. Student shows evidence of pre-reading the procedure.

10 9 8 7 6 5 4 3 2 1 0

5. Student was an active participant in measurement.

10 9 8 7 6 5 4 3 2 1 0

6. Student takes careful and accurate data.

10 9 8 7 6 5 4 3 2 1 0

7. Student is on task and uses time wisely.

10 9 8 7 6 5 4 3 2 1 0

8. Student asks thoughtful questions.

10 9 8 7 6 5 4 3 2 1 0

9. Dataarecomplete.

10 9 8 7 6 5 4 3 2 1 0

10. Data show accurate calculations when necessary.

10 9 8 7 6 5 4 3 2 1 0

11. Data show correct units.

IO 9 8 7 6 5 4 3 2 I 0

12. Post-lab answers reflect data correctly.

IO 9 8 7 6 5 4 3 2 1 0

13. Post-lab answers show thoughtfulness.

10 9 8 7 6 5 4 3 2 1 0

Total Points Earned:
Comments:

/130

---------------------------
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Water Quality Analysis Safety Guidelines and Contract

It is mandatory that your water quality testing investigations be conducted with

extreme caution for the environment, fellow scientists, and yourself. Failure to follow the
safety guidelines will result in failure of the unit. Please adhere to the safety guidelines
for all of the laboratory investigations.
Safety Guidelines:

1. Always ask your teacher if you are unsure about anything!
2. Read and follow all written directions.
3. Wear gloves and goggles when handling chemicals.
4. Never smell any of the chemicals.
5. Wash your hands after each water quality test.
6. Follow the general safety guidelines of your school.
7. Dispose of spent chemicals in an environmentally sound manner by your teacher's
requests.
Safety Contract

I , - - - - - - - - - - - - - , understand that following the safety guidelines is
(printed name)
critical to the success of my learning expenence. I will make sure to respect the
environment, other scientists and myself in every decision I make during the
investigations. I realize that neglecting to do so can result in failing this unit.

(signature)

(date)
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General Site and Personnel Information
Purpose
General site condition information allows one to compare results from one year to
another and may provide reasons for any anomalous or unusual data.

I. Name ofMonitor(s):
2. Date:
3. Time:
3. Site Name:
4. Stream Name:

5. Catchment/Watershed:
6. Nearest Town:

7. State, Region or Province:
8. Country:

9. Longitude:
10. Latitude:
11. Survey Reach Length (m):
12. Purpose of Assessment:
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Plan View Sketch
Background

It is always important to make a basic stream sketch when visiting a testing site
for the first time. This visual aid will allow you to remember the site once you have left
the field. From time to time, referring to the drnwing while on the field will allow you to
"get your bearings" when taking measurements and marking measurement locations. The
scientific and engineering communities refer to this drawing as a plan view sketch
(Stevens, 2000a, p.2).

Procedure

Begin by walking the testing site from one monitoring post to the other and
making a sketch of what you see. This should be drawn as if you were looking down at
the site from an airplane. Include all the major features such as roads, buildings, major
changes in vegetation type, hills, fences, ditches, weirs, point bar deposits, meanders, and
the location of the monitoring posts. Be sure to include a North arrow.
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Bank and Riparian Vegetation Conditions
Background

Bank conditions are an important element of the stream habitat. Unstable banks,
livestock access and riparian conditions will be focused on. All contribute to the overall
health of the stream and the types of organisms living in and around it.
Unstable banks or vertical banks that are eroding, are important because they
contribute to fine grained sediment to the stream. Fine grained sediment is dangerous in
excess amounts because it can suffocate fish eggs and lower the amount of oxygen in the
water. This sediment also often contains pollutants such as pesticides bound to it, which
can lower water quality or harm living organisms in the stream.
Livestock access can also damage a stream. It usually increases the amounts of
nutrients and bacteria, which causes an increase in water temperature and a decrease in
oxygen levels. It also contributes to unstable banks with consequences already discussed
above.
Riparian vegetation also known as riparian buffers is the existing vegetation near
a stream. They are important because they provide shade, a food source and a natural
floodplain for the stream. With vast 1iparian vegetation, water quality is generally
improved because the vegetation and woody debris act as filters that trap sediment.
Buffers also act to reduce erosion and flood hazards by dissipating and distributing
floodplain flows (Stevens, 2000a, p.16).
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Procedure
A. Bank Erosion Evaluation

Please note: Content on this page was redacted due to copyright concerns.
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Please note: Content on this page was redacted due to copyright concerns.
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Please note: Content on this page was redacted due to copyright concerns.
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(Bennett & Hanson, 1996b, p.4-7)

Please note: Content on this page was redacted due to copyright concerns.
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Stream Flow
Background Information

Flowing water is the essence of a stream. Flow discharge is the volume of water
moving past a point. Two components make up flow: volume and velocity. Volume
refers to how much water is present and velocity refers to how fast the water moves
through a distance. Flow affects everything from the concentration of various substances
in the water to the distribution of habitats and organisms throughout the stream.
The concentrations of many substances such as dissolved oxygen, nitrates and
phosphates are influenced by the stream flow. Flow influences how long substances
remain in a stream system and how quickly they are flushed out; an important factor
when considering the effects of pollutants in aquatic systems. The amount of sediment
and debris carried also vary, depending on the flow. Fast moving water carries more
dissolved substances, sediment and larger debris than slow moving water. Floodwaters
are good examples of fast flow.
Stream flow determines the physical features of a stream such as the types of
habitats present and the streambed composition. Areas with shallow fast moving water
and gravel are known as riffles; while areas with deeper, slow moving water and sand or
silt beds are called pools. There are many variations of these two habitat types, but they
all depend on flow (Stevens, 2000a, p.9).
The overall shape of the stream channel is related to flow. In areas of fast water,
streams erode their banks, while in regions of slower water, sediment is deposited. The
alternating erosion and deposition of sediment can result in meandering. Flow determines
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if a stream will overflow its banks and when floodwaters will drop their load of sediment
and debris on an adjacent floodplain.
Flow, a key determinant of physical and chemical conditions also influences what
plants and animals live in streams. For instance, salmonids require high concentrations of
dissolved oxygen, low water temperatures, gravel substrates for spawning and quiet pools
for rearing. Flow determines if streams have these sets of conditions for salmonids. In
addition, salmonids need certain velocities for spawning migrations and certain flows for
downstream migrations of juveniles.
Aquatic insects eaten by salmonids and other steam organisms have similar
physical and chemical requirements. Unlike the salmonids, they can't migrate and are
captives of the local stream conditions. They exhibit special adaptations to types of
stream habitats, such as riffles. Suction disks and silk strands enable them to attach to
rocks and ingenious feeding tools like nets and fans allow them to capture particles from
the flowing water. They also have streamlined and flattened body shapes, which
minimize their resistance to water.
Stream organisms have adapted to the particular flow regime in their streams. If
these conditions are changed, the organisms can suffer. Streamflows required to maintain
a particular set of conditions in a stream are called instream flows. Instream flows are
often determined for streams that are subject to water withdrawals for municipal uses,
hydropower generation and irrigation. These out-of-stream uses may leave little water for
fish at crucial stages of their lives. An instream flow is determined to maintain valuable
fish populations and to balance competition of stream uses.
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Stream Flow Pre-Lab Questions (Answer using complete sentences.)
1. Give an example of how stream flow influences which organisms live in a stream.

2. To calculate discharge, what three measurements will be needed?

3. Give an example of how human activities in a watershed or stream may impact
stream flow.
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Stream Flow Lab
Purpose: To determine the rate of flow for a stream test site.
Materials: stopwatch, measuring tape, flag markers, meter stick, tennis ball, calculator,

waders
Procedure: First measure the velocity then measure the width and depth. After these data

are collected, discharge can be calculated.
Velocity Measurements:
1. Select a section of stream where you will measure the flow. Try to find a straight

section that is between ten and twenty meters long and shallow enough that you can
wade across it.
2. Measure the length of the section with your tape measure. Mark the beginning and
end of the section with flag markers.
3. You will need at least two people to do the measurements. Person #1 will be at the
upstream marker and have the stopwatch. Person #2 will be at the downstream
marker.
4. Person #1 will drop the tennis ball in the stream above the marker. As the ball passes
the first marker, person #1 will start the stopwatch and yell "start" to indicate the float
is on its way to person #2.
5. When the ball passes the second marker, person #2 will yell "stop" and person #1 will
stop the stopwatch.
6. Record the time in seconds that it took for the ball to travel from the first marker to
the second marker. Divide the distance the ball traveled by the time it took for it to

48

float the distance. Distance divided by time calculates velocity-the rate at which the
water moves.
7. Repeat the above steps two more times to obtain three velocity measurements. Next
calculate the average of these measurements. This will give you the average surface
velocity. The actual stream velocities vary from the surface to the bottom: stream
velocity is greatest about thirty centimeters below the surface or one third of the way
between the surface and the bottom. To correct your surface velocity to mean
velocity, multiply the average velocity by either 0.9 for a smooth bottom stream or a
0.8 for a rough bottom stream.
Width Measurements:

Two people will be needed, one on each side of the creek. To find the average
width of your stream reach, measure the width of the stream in three places. Add the
widths and divide by three to get the average width of the stream. Round off your average
width to the nearest centimeter.
Depth Measurements:

To find the average depth of your stream, wade across the stream and measure
three places along an imaginary transect-a straight line across. Add the depths together
and divide the total by four to get the average depth of the stream. You divide by four
rather than three to take into account the shallow areas on each side of the stream. Round
off your average depth to the nearest centimeter.
Discharge Calculation:

To calculate discharge, multiply the average velocity by the average width by the
average depth. Show all work.
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Data:
1. Date: - - - - - - - -

2. Time:- - - - - - - 3. Weather Conditions:- - - - - - - - - - -

4. Velocity
Tabl e 1 - Velocity
Trial#
Distance (m)

Time (s)

Velocity (mis)

Average Velocity= total/3 = _ _ _ _ _ _ _ _mis
Corrected Average Velocity= Average Velocity x 0.8 or 0.9 = _ _ _ _ _ _ _ _mis

5. Width
Table 2 - Width
Distance (m)
Trial#

total

Average Width= total /3 =_ _ _ _ _ _ _ _m
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6. Depth

Tabl e3-Deoth
Trial#
Distance (m)

total

Average Depth= total/4 =_ _ _ _ _ _ m
Average Depth rounded to nearest centimeter =_ _ _ _ _ _ _ m

7. Discharge
Formula: D = V x W x d
Where D= discharge (m3/s)
V= average velocity (mis)
W= average width (m)
d= average depth (m)

Show all work and label all units:
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Conclusion: (Answer using complete sentences.)

1. Describe any sources of error and limitations involved in your investigation. Also,
what would you do differently to achieve more accurate results?

2. How could seasonal changes in a stream change the results of this procedure?

3. How might a slow down in velocity of a stream change the discharge?
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Temperature
Background Information

The temperature of an aquatic environment influences many factors. Several of
the chemical, biological and physical features of a river are affected by water
temperature. Not only is the amount of dissolved oxygen and photosynthetic rate of
plants influenced by water temperature, but also the metabolic rates of organisms and
their sensitivity to wastes and diseases (Mitchell & Stapp, 1996, p.51).
Humans affect water temperature in many ways. Thermal pollution heats water
when industries discharge hot water to cool machinery. It also comes from storm run-off
from streets, sidewalks and parking lots (p.51 ). People also affect water temperature by
clear-cutting trees, removing streamside vegetation, poor farming practices and
construction. Eroding soil causes murky water, which absorbs sun's rays, causing the
water temperature to rise.
As the temperature of water increases, the rate of photosynthesis and the
metabolic rate of organisms increase. Both cause an increase in the amount of oxygen
needed for plants and animals to live. Increased temperature also causes fish to become
more vulnerable to disease because they are stressed and have less dissolved oxygen
needed for survival (p.51 ).
Aquatic organisms have adapted to surv!Ve m a range of temperature. For
example, trout, caddisfly larvae, stonefly nymphs, and mayfly nymphs prefer cold water
below 13 degrees C (55 degrees F). Plants, trout, salmon, water beetles and water striders
prefer water temperatures between 13 and 20 degrees C. Bass, crappie, bluegill, carp and
catfish prefer higher temperatures above 20 degrees C (68 degrees F). Steelhead common
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to many Northwest rivers become stressed at 62 degrees F and die at temperatures higher
than 77 degrees F (Stevens, 2000a, p.3).

Temperature Pre-Lab Questions (Answer using complete sentences.)

1. List four characteristics directly affected by water temperature.

2. Based on the background info1mation, does cool or hot water hold more oxygen?
Explain your answer.

3. How do people influence the temperature of water in rivers?

4. Based on the temperature change index, what does a change of7 degrees C indicate?
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Temperature Lab
Purpose: To dete1mine the difference in temperature in a stream test site.
Materials: thermometer, temperature change index
Procedure:
1. Using gloves and a thermometer on a string, lower the thermometer four inches below

the surface of the water.
2. Leave the thermometer in the water for two minutes.
3. Record the temperature in degrees C.
4. Repeat steps 1-3 three times.
5. Find the average temperature of the test site.
6. Locate a test site 1 mile (if possible) upstream and repeat steps 1-5.
7. Calculate the average difference between the two test sites.
8. Use the temperature change to determine the water quality using the Temperature
Change index (Bennett & Hanson, 1996b, p.23).
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Data:

I. Date:_ _ _ _ _ _ __
2. Time:- - - - - - - 3. Weather Conditions: _ _ _ _ _ _ _ _ _ _ _ _ __

4. Downstream Test Site #1 Temperatures

Tabl e 1 - Downs tream Tests·1te #1 TemJ eratures
Trial#
Temperature (degrees C)

Average Downstream Temperature: (Show all work.) _ _ _ _ _ _ __

5. Upstream Test Site #2 Temperatures

T able 2 - UJpstream T est s·1te #2 T emperalures
Trial#
Temperature (degrees C)

Average Upstream Temperature: (Show all work.) _ _ _ _ _ _ __
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6. Test Site #2 subtracted from Test Site #1 =_ _ _ _ _ _ _ _ _ (Show all work.)

7. Temperature Change Index in Degrees C
Table 3 - Temoerature Change Index in DePTees C
Temperature Change (degrees C)
Qualitative Analysis
0-2

excellent condition

2.2-5

good condition

5.1-9.9

fair condition

10>

poor condition

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality''
student handbook, (p.30) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Water quality rating for site: _ _ _ _ _ _ _ _ _ _ _ __

Conclusion: (Answer using complete sentences.)
1. What sources of error or limitations to the investigation did you encounter and how

could one obtain better results next time?

(
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2. Discuss the local environment of each site including the existing vegetation and
canopy cover. How do these environments help account for the temperature
difference?

3. Describe the bank erosion and livestock access at each test site. How do these factors
contribute to the temperature difference?

4. What do you think humans can do to help improve water quality?
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pH
Background Information

Water contains charged particles called ions. The positively charged patticles are
hydrogen ions (H+) and the negatively charged particles are hydroxyl ions (OH). Testing
the pH of water measures the amount of hydrogen ions in solution. The measurement is
given a pH value on a scale that ranges from 0-14.
Pure water with equal parts of hydrogen (H+) and hydroxyl (OH) ions has a pH of
7. If water has more hydrogen (W) ions than hydroxyl ions (OH") it is considered acidic
and has a pH less than 7. Some common acidic substances include battery acid, vinegar,
soda, and normal rain. If water has more hydroxyl (OH") ions than hydrogen (W) ions, it
is considered basic. Some basic substances include baking soda ammonia and bleach. For
every one unit of pH change, there is a ten-fold change in how acidic or basic the sample
is (Mitchell & Stapp, 1996, p.43).
Most organisms have adapted to water with a specific pH and die if it changes
ever so slightly (see figure 19 below). The pH of natural waters in typical lakes and
streams usually falls between 6.0 and 8.0. Changes in pH can indicate biological activity,
changes in water chemistry and pollution. If the pH increases or decreases significantly,
the food chain can be disrupted, leaving many fish and other aquatic organisms with a
diminished food supply (Stevens, 2000a, p.3).
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pH Ranges That Support Aquatic Life

MOST ACID

1

NEUTRAL

2

3

4

5

6

7

8

9

MOST ALKALINE

10

11

12

13

14

Bacteria

L0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _13.0
,---

IIPla~ts (algae & rooted)

ICarp, suckers, catfish, some

12.0

6.5
9.0

!; insects

6.0

IIBass, bluegill, crappie

6.5

8.5

ilsnails, clams, mussels

7.0

9.0

iAnimals of greatest variety

I(trout, nymphs, larvae)

I

16.5_7.5

Note: From "User F1iendly Water Quality Tests" website,
(http://www.che.wsu.edu/home/modules/index.html) by Cowling & W1ight, 1995,
Pullman: Science Mathematics Engineering Education Center.

pH Pre-Lab Questions (Answer using complete sentences.)

1. According to Figure 19, what class of organisms can sustain the largest pH range?

2. Why do you think it might be important to wear gloves in this procedure?

3. How do you think humans change the pH of streams in your community?
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pH Lab
Purpose: To determine the pH of a stream test site.
Materials: two glass viewing tubes, color comparator, Wide Range 4 pH indicator,
Procedure:

1. Rinse each test tube with the stream sample using gloves. if possible.
2. Fill the two glass color viewing tubes to the 5 mL mark with stream water sample.
3. Add 6 drops of Wide Range 4 pH indicator solution into one tube and swirl to mix.
This is considered your prepared sample.
4. Insert the tube of the prepared sample into the opening nearest the center of the
comparator wheel (right opening).
5. Place the other tube of stream water into the left opening.
6. Hold the color comparator up to a light source like the sky and rotate the wheel until
the color on the wheel matches the color of the prepared sample.
7. When the colors match, the pH value can be read through the window.
8. Record the pH value.
9. Use the pH Index table to rate your data qualitatively.
10. Rinse the tubes.
11. Wash hands (Mitchell & Stapp, 1996, p.45-46).
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Data:
1. Date:- - - - - - - -

2. Time:- - - - - - - 3. Weather Conditions: _ _ _ _ _ _ __

4. pH Value: _ _ _ _ _ _ _ _ _ _ _ __
5. pH Index
Tab le I - oH Index
pH

Qualitative Analysis

6.5-7.5

excellent condition

6.0-6.4, 7.6-8.0

good condition

5.5-5.9, 8.1-8.5

fair condition

<5.5, >8.6

poor condition

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality''
student handbook, (p.29) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative evaluation for the site:._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Conclusion: (Answer using complete sentences.)

1. What sources of error are associated with this investigation and how could you obtain
more accurate results in the future?

2. Based on the pH value, what types of aquatic life could one expect to see in this
stream?

3. How could specific features in your local environment help explain the results that
you obtained? For example, urban and industrial areas have higher levels of acid rain
and therefore higher levels of acidity in the water. What is your stream's environment
that may help explain its pH, or what is lacking?

4. In what ways can seasonal changes affect a stream's pH?
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Dissolved Oxygen
Backgronnd Information

The amount of dissolved oxygen in streams greatly determines its viability. The
presence of oxygen is a healthy sign, and its absence is a sign of pollution. Different
species have adapted to different levels of oxygen in water. For example, trout require at
least 7 ppm and dissolved oxygen levels less than 4 mg/I make it difficult for most fish to
breathe. Signs of pollution-tolerant organisms like worms and fly larvae indicate low
amounts of dissolved oxygen. Dissolved oxygen levels are largely influenced by the
amount of biological activity and temperature (Stevens, 2000a, p.3).
Sources of dissolved oxygen include the atmosphere and photosynthetic plants.
Fast-moving rivers contain more atmospheric oxygen than slower waters. The amount of
dissolved oxygen changes during the day because photosynthesis peaks during late
afternoon and ceases at night. However, organisms still consume oxygen at night and
therefore dissolved oxygen levels reach a minimum just before sunrise (Mitchell &
Stapp, 1996, p.28).
Besides biological and natural temperature changes, organic wastes are the main
contributing factors of decreased dissolved oxygen levels. Organic wastes enter streams
in a variety of ways as in sewage, urban and agricultural runoff, the discharge of food
processing plants, meat packing houses, dairies and other industrial sources. Fertilizers
are a significant threat to the amount of available dissolved oxygen in water sources
because they stimulate the growth of aquatic algae. The algae grow out of control, die
and bacteria use up a lot of oxygen while decomposing it (p.28).
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Pre-Lab Questions (Answer using complete sentences.)

1. What kinds of things influence the amount of dissolved oxygen in a water source?

2. How much titrant should be added to your water sample and what does each drop of
titrant indicate?

3. How do you think river discharge and climate are related to the amount of dissolved
oxygen in a stream?

4. Why are fertilizers a threat to the amount of dissolved oxygen in a stream?
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Dissolved Oxygen Lab
Purpose: To determine the amount of dissolved oxygen in a stream test site.
Materials: glass-stopper dissolved oxygen bottle, Dissolved Oxygen 1 Reagent,

Dissolved Oxygen 2 Reagent, Dissolved Oxygen 3 Reagent, plastic measuring tube,
Sodium Thiosulfate Titrant
Procedure:

1. Fill the glass-stopper dissolved oxygen bottle with the water to be tested by allowing
the water to overflow the bottle for two or three minutes to be certain that there are no
air bubbles in the bottle. Insert the stopper under water.
2. Add the contents of one pillow each of Dissolved Oxygen 1 Reagent and Dissolved
Oxygen 2 Reagent. Stopper the bottle carefully so that the air is not trapped in the
bottle. Shake the bottle vigorously to mix. A flocculant precipitate will be formed.
These look like little chunks of debris. If oxygen is present, the precipitate will be
brownish orange in color.
3. Allow the sample to stand until the floe has settled halfway and leaves the upper half
of the bottle clear. Shake the bottle again and let it stand again until the upper half of
the bottle is clear.
4. Remove the stopper and add the contents of one pillow of the Dissolved Oxygen 3
Reagent. Carefully stopper and shake to mix. The floe will dissolve and a yellow
color will form if oxygen is present.
5. While swirling the sample, add Sodium Thiosulfate Titrant drop-wise, counting each
drop, until the sample changes from yellow to colorless. Each drop added is equal to
1 mg/L of dissolved oxygen.
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6. Use the Dissolved Oxygen Index to qualitatively evaluate your data (Renn, 1970,
p.2).

Data:
1. Date:

---------

2. Time:

---------

3. Weather Conditions:

----------------

4. Number of drops of titrant=_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _mg/L of
dissolved oxygen
5. Dissolved Oxygen Index
T abl e 1 - D"ISSO1ved 0 xygen Index
Dissolved Oxygen Content (mg/L)

Qualitative Analysis

>7

excellent

5-7

good

3-4

fair

<3

poor

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality''
student handbook, (p.29) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative evaluation of the site: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Conclusion: (Answer using complete sentences.)
1. What sources of error did you encounter with the procedure and what would you do

differently next time to obtain more accurate results?

2. What features unique to your watershed could influence the amount of dissolved
oxygen in the water?

3. How do you think seasonal changes affect the amount of dissolved oxygen in a
stream?

4. Discuss three ways citizens in the watershed could help the availability of dissolved
oxygen in the stream.
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Biochemical Oxygen Demand
Background Information
Biochemical oxygen demand is a measure of the quantity of oxygen used by
aerobic bacteria when they decompose organic matter. An abundance of nutrients in
streams increases the biological oxygen demand because it stimulates plant growth,
which in-tum, leads to more decay. When the bacteria use up most of the available
oxygen for decomposition purposes, many of the other aquatic life suffer. This is why it
is so important to limit the amounts of nitrates and phosphates in a stream.
There are several sources of organic material. Some come from swamps, bogs and
vegetation near a stream site while others are identifiable points of discharge (also called
point sources) from human sources like pulp mills, meat-packing plants, food processing
industries and wastewater treatment plants. Non-point sources of pollution that are
difficult to identify include urban runoff, pet waste, fertilizers and agricultural runoff. All
of these carry nutrients that stimulate plant growth in streams (Mitchell & Stapp, 1996,
p.48).
Streams that have high biological oxygen demand levels are characterized by
organisms with low dissolved oxygen tolerance levels. These include carp, midge larvae
and sewage worms. These types of organisms are typical of polluted waters. Organisms
intolerant of low biological oxygen demand levels often die out in these environments.
The Walla Walla Backyard Stream Team suggest a variety of ways to decrease
the amount of pollution we add to our streams and increase the amount of dissolved
oxygen levels. First, they suggest tackling weeds and pests by avoiding chemicals that
spread over large areas. They offer advice on waste removal by adding that garbage
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should never be put down a drain. Pets should be fenced away from ponds, ditches,
swampy areas and streams. Never dump motor oil, antifreeze, herbicides, pesticides and
other toxic substances down storm drains. Finally, they suggest leaving vegetation
buffers along streams and keeping people and animals out of streambeds to protect fish
and other aquatic organisms (Walla Walla Backyard Stream Team, 2003, p.17).

Pre-Lab Questions (Answer in complete sentences.)
1. What does the biological oxygen demand test measure?

2. List 2 point and 2 non-point sources of organic pollution in streams.

3. What does a high biological demand tell one about a stream?

4. Why do you think one bottle is covered in black electrical tape?
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Biological Oxygen Demand Lab
Purpose: To determine the amount of oxygen consumed by microorganisms in a five day

period in a local stream site.
Materials: two glass-stoppered dissolved oxygen bottles (one clear and one wrapped in

electrical tape), Dissolved Oxygen 1 Reagent, Dissolved Oxygen

2 Reagent,

Dissolved

Oxygen 3 Reagent, plastic measuring tube, Sodium Thiosulfate Titrant
Procedure:
1.

Fill two glass-stoppered dissolved oxygen bottles (one clear and one wrapped in
electrical tape) with sample water obtained between the surface and river bottom and
away from shore.

2. Fill the clear glass-stopper dissolved oxygen bottle with the water to be tested by
allowing the water to overflow the bottle for two or three minutes to be certain that
there are no air bubbles in the bottle. Insert the stopper under water.
3. Add the contents of one pillow each of Dissolved Oxygen 1 Reagent and Dissolved
Oxygen 2 Reagent. Stopper the bottle carefully so that the air is not trapped in the
bottle. Shake the bottle vigorously to mix. A flocculant precipitate will be formed.
These look like little chunks of debris. If oxygen is present, the precipitate will be
brownish orange in color.
4. Allow the sample to stand until the floe has settled halfway and leaves the upper half
of the bottle clear. Shake the bottle again and let it stand again until the upper half of
the bottle is clear.
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5. Remove the stopper and add the contents of one pillow of the Dissolved Oxygen 3
Reagent. Carefully stopper and shake to mix. The floe will dissolve and a yellow
color will form if oxygen is present.
6. While swirling the sample, add Sodium Thiosulfate Titrant drop-wise, counting each
drop, until the sample changes from yellow to colorless. Each drop added is equal to
1 mg/L of dissolved oxygen.
7. Place the black sample bottle in the dark and let sit for five days at room temperature
(68 degrees F, 20 degrees C).
8. After five days, determine the amount of dissolved oxygen by repeating steps 3-6
above.
9. The biological oxygen demand level is determined by subtracting the dissolved
oxygen level in the black sample bottle from the dissolved oxygen found in the
original sample taken five days prior.
10. Make a qualitative evaluation of the data using the index table (Mitchell & Stapp,
1996, p.49-50).

Data:
1. Date:._ _ _ _ _ _ _ __

2. Time:. _ _ _ _ _ _ _ __
3. Weather Conditions:. _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

4. Number of drops of titrant=_ _ _ _ _ _ _ _ = _ _ _ _ _ _ _ _ _mg/L of
dissolved oxygen in clear bottle
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5. Number of drops of titrant=_ _ _ _ _ _ _ _=_ _ _ _ _ _ _ _~mg/L of
dissolved oxygen in black bottle

6. Biological

Oxygen

Demand=_ _ _ _mg/L

DO

(original

sample)-

_ _ _ _ _mg/L DO (after incubation)
T abl e 1 - B'101og1ca
. 10xvgenDemand 1nd ex
Biological Oxygen Dentand (mg/L)
Qualitative Analysis

<2

excellent

2-4

good

4.1-10

fair

>10

poor

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality''
student handbook, (p.29) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative evaluation of site: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Conclusion: (Answer using complete sentences.)
1. What sources of error and limitations were associated with this investigation and how
could one improve its results in the future?

2. Why do you think water wasn't sampled from the very top or bottom of the stream or
near the stream's edge?
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3. What kinds of aquatic life would you expect to live in the stream based on its
biological oxygen demand score?

4. Does the biological oxygen demand measurement indicate pollution, and if so, what
sources in your watershed do you think are the main contributors?

5. Describe two ways people living in the watershed can take action against pollution in
streams.
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Total Phosphates
Background Information

Phosphorus is an essential element to life. Not only is it an important element in
the metabolic reactions of plants and animals, but also it is a limiting factor for plant
growth. Phosphorus usually occurs in natural waters in the form of phosphate. It is found
from several sources including human and animal wastes, industrial wastes and human
disturbance of the land and its vegetation. Too much phosphate in water can be
detrimental to the health of a stream (Mitchell & Stapp, 1996, p.54).
Algae and other aquatic plants use phosphorus to live. However, when there is too
much present, it causes extensive algal growth. Eventually the stream's health is
diminished due to the lack of oxygen. Aquatic life suffers and sometimes ceases
altogether.
Algal blooms are symptoms of a larger problem called cultural eutrophication.
This is the human-caused enrichment of water with nutrients, mainly phosphorus.
Humans add nutrients in a variety of ways. Poor sewage and septic systems, illegal storm
sewers, soil erosion, fertilizers and swamp drainage contribute to increased phosphorus in
water sources.
The initial symptoms of cultural eutrophication are characterized by algal blooms
that color the water green. Increased phosphorus causes an increase in plant growth.
Sometimes recreations like swimming and boating become impossible. Advanced stages
of cultural eutrophication can produce water completely void of oxygen and hence no
aquatic life. These rivers and lakes produce a rotten egg smell due to the gases formed.
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Pre-Lab Questions (Answer using complete sentences.)

1. What are sources of phosphorus in water?

2. Describe why cultural eutrophication occurs.

3. What is the difference between quantitative and qualitative data?

4. What do you think happens to the temperature of a stream when algal blooms grow
out of control?

5. Describe two ways that humans can maintain healthy phosphorus levels in streams.
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Total Phosphates Lab
Pm·pose: To determine the amount of phosphates in a stream site.
Materials: test tube, 1.0 mL pipette, Phosphate Acid Reagent, O.lg spoon, Phosphate

Reducing Agent, Phosphate comparator with Axial Reader
Procedure:
I. Fill the test tube to 1OmL line with sample water.

2. Use the 1.0mL pipette to add 1.0mL of Phosphate Acid Reagent. Cap and mix.
3. Use the 0. lg spoon to add one level measure of Phosphate Reducing Reagent. Cap
and mix until dissolved. Wait 5 minutes.
4. Remove cap. Place into the Phosphate comparator with Axial Reader. Match the
sample color to a color standard. Record as ppm phosphate.
5. Use the Phosphate Index table to qualitatively evaluate your data (Renn, 1970, p.l)

Data:
I. Date: _ _ _ _ _ _ _ _ _ __

2. Time: _ _ _ _ _ _ _ _ _ __
3. Weather Conditions: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

4. _ _ _ _ _ _ _ _ _ __,,pm Phosphate
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5. Phosphates Index
Table 1 - Phosohates Index
Phosphates (ppm)

Qualitative Analysis

0-1

excellent

1.1-4

good

4.1-9.9

fair

>10

poor

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality''
student handbook, (p.30) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative evaluation of the site: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Conclusion: (Answer using complete sentences.)

1. What are the sources of error in this investigation and what can one do differently to
obtain more accurate results?

2. In your opinion, how can specific features of the watershed help explain the
quantitative and qualitative results?

3. What do you suggest to the people who live in the watershed who want to help keep
the stream at healthy levels of phosphorus?
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Nitrates
Background Info1·mation

Nitrogen is an important element to living organisms because it helps them build
protein. Protein is essential in the production and maintenance of body cells. Blue-green
algae found in algal blooms are able to convert atmospheric nitrogen into a useable form
for plants to use for growth. This useable form is a new chemical compound called
nitrate. Ammonia is another nitrogen-containing product produced by the blue-green
algae (Mitchell & Stapp, 1996, p.60).
Ammonia is added to water systems in a few ways. When plants and animals are
decomposed by bacteria ammonia is produced and converted to nitrates and nitrites.
Excretions from aquatic organisms also contain high levels of ammonia. Because the
nitrogen in the ammonia and nitrates acts as a plant nutrient, high levels can cause
eutrophication. Just like with excess phosphates, nitrate eutrophication encourages plant
growth and decay and decreases the amount of oxygen available to the ecosystem (p.61).
Another serious affect of too many nitrates in water is methemoglobinemia. If this
water is used for infant milk formula, it prevents the baby's blood from carrying the
necessary amount of oxygen. Methemoglobinemia is nicknamed "blue baby" syndrome
for this reason.
Human sources of nitrates come from a variety of sources. Sewage is the main
source of excess nitrates in stream water. This is largely due to ill-performing septic
systems that do not adequately filter out nitrates. Fertilizers and the runoff from cattle
feedlots, dairies, and barnyards also contain high amounts of nitrates.
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Pre-Lab Questions (Auswer iu complete sentences.)
1. Briefly explain or draw a diagram of the nitrogen cycle.

2. How does the wait time in this investigation compare to the phosphate lab?

3. Why does eutrophication tend to limit the following?
(a) organism diversity:

(b) recreational opportunities

(c) property values?

4. What are two sources of nitrates in water?
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Nitrates Lab
Purpose: To determine the amount of nitrates in a stream test site.
Materials: test tube, Mixed Acid Reagent, Nitrate Reducing Reagent, Nitrate comparator

with Axial Reader, 0.1 spoon
Procedure:

1. Fill the test tube to the 2.5mL line with sample water.
2. Dilute to 5mL line with the Mixed Acid Reagent. Cap and mix. Wait 2 minutes.
3. Use the O.lg spoon to add one level measure of Nitrate Reducing Reagent. Cap and
invert 30-40 times in one minute. Wait 10 minutes.
4. Mix and remove cap. Insert tube into the Nitrate comparator with the Axial Reader.
Match sample color to a color standard. Record as Nitrate-Nin ppm.
5. To convert to nitrate, multiply reading by 4.4. Show all work. Record answer in ppm
Nitrate.
6. Use the Nitrates Index to evaluate the data qualitatively (Renn, 1970, p. l ).

Data:

1. Date:. _ _ _ _ _ _ _ _ _ _ __
2. Time:._ _ _ _ _ _ _ _ _ _ __
3. Weather:. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

4. _ _ _ _ _ _ _ _ _ __,.pm Nitrate-N

5. _ _ _ _ _ _ __,,pm Nitrate-N x 4.4 =____________,_pm Nitrate
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6. Nitrates Index
Table 1 - Nitrates Index
Nitrates (ppm)

Qualitative Analysis

0-1

excellent

1.1-3

good

3.1-5

.

. ..

>5

·fair

-

.. - -

..

poor

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality''
student handbook, (p.30) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative evaluation of the site: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Conclusion: (Answer using complete sentences.)
1. What are the sources of error associated with this lab and what could one do next time
to improve the accuracy of the results?

2. Describe certain features of your watershed that could help make sense of the data.

3. Why is it important to have spotless glassware before performing any water quality
test?
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Turbidity
Background Information

Turbidity refers to the murkiness of the water being tested. Measuring turbidity
gives the investigator a good idea as to the amount of clay, silt, living organisms,
industrial wastes and sewage in the water. As these suspended solids absorb heat from the
sunlight, the amount of oxygen in the water is reduced, making it more difficult for
aquatic organisms to live.
Sources of turbidity include a variety of things including soil eros10n, waste
discharge, urban runoff, abundant bottom feeding fish, and algal growth. All of these
change the color of the water in high concentrations. It is this murkiness of the water that
is measured to give an overall indication of the amount of suspended solids in the site.
Suspended solids affect aquatic life in a few ways. They can clog fish gills, reduce
growth rates, reduce resistance to disease and prevent egg and larval development.
Photosynthesis is also hindered due to too much particles in the water. Insect habitats are
also disturbed due to settling of debris in slower moving streams.
A turbidimeter is the device used to measure turbidity. Also known as a Secchi
disk, the turbidimeter is a black and white disc attached by a chain that is marked by foot
increments. It measures the scattering of light (Mitchell & Stapp, 1996, p.68).
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Pre-Lab Questions (Answer using complete sentences.)

I. What are suspended solids? Give examples.

2. Why does the rate of photosynthesis decrease in murky waters and what happens to
oxygen levels as a result?

3. Using the Turbidity Index, if the turbidity of a certain stream is 2 feet, what can you
qualitatively say about water clarity?

4. List five sources of turbidity.
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Turbidity Lab
Purpose: To measure the relative clarity of the water of a stream site: the greater the

turbidity, the murkier the water.
Materials: a bridge boat or dock, Secchi disk
Procedure:

1. Slowly lower the Secchi disk from a bridge, boat or dock into the water until it
disappears. Make sure it falls vertically into the water and is not swung out by the
current. Try to avoid hitting large rocks because the Secchi disk is a fragile
instmment.
2. Note the number of feet, inches or cm on the chain.
3. Drop the disk even further until it fully disappears and then raise it until you can see it
agam.
4. Note the number of feet, inches or cm on the chain again.
5. Add the results of step 2 and step 4 and divide by two. Show all work. This is your
turbidity level using the Secchi disk.
6. Use the Turbidity Index to evaluate the data qualitatively (Mitchell & Stapp, 1996,
p.69).

Data:
1. Date:- - - - - - - - -

2. Time: _ _ _ _ _ _ _ __
3. Weather Conditions:

-------------
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4. Water Color:

-------------

5. Distance on the chain from step 2:_ _ _ _ _ _ _ _ _ _ _ _ _ __
6. Distance on the chain from step 4:_ _ _ _ _ _ _ _ _ _ _ _ _ __
7. Turbidity: Show all work and units. _ _ _ _ _ _ _ _ _ _ _ _ __
8. Turbidity Index
T abl e 1 - Turb'd'
I Jty Ind ex
Feet or Centimeters

Qualitative Analysis

>3 feet

Excellent

>91.5 cm
1-3 feet

Good

30.5 cm-91.5 cm
2 inches- I foot

Fair

5 cm-30.5 feet
<2 inches

Poor

<5cm

..

Note: From "A Secondary Level Mm1-Cumculum For the Analysis of Water Quahty"
student handbook, (p.30) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative evaluation of the site:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Conclusion: (Answer using complete sentences.)

1. What limitations were associated with the investigation and how would one obtain
more accurate results in the future?
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2. How could faster moving waters affect the results?

3. Based on the color of your stream and the turbidity measurements, what types of
suspended solids do you think contributed to the site's turbidity?

4. How can people in the watershed help improve the stream's clarity?
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Total Solids
Background Information

Total solids is a term that refers to the material residue left in a container after
evaporating and drying a water sample at a particular temperature. Waters with high
amounts of total solids can cause unfavorable physiological reactions in organisms
consuming it and/or living in it (Clesceri et al., 1996, p.2-71). Total solids include a
variety of things including silt and plankton to industrial wastes and sewage.
Total solids include substances that are dissolved as well as those that are
suspended. Dissolved substances in water are often needed by organisms to survive like
iron, nitrogen, phosphorus and sulfur. But as we know, too much of a good thing is often
times bad. For example, excess amounts of these minerals added by fertilizers, urban
runoff and wastewater treatment plants can harm organisms. Suspended solids are larger
particles like leaves and soil. These in large amounts can also be a threat to plant and
animal life in streams.
High concentrations of total solids not only reduce water clarity but also
contribute to low levels of photosynthesis. Large particles in water can bind to toxic
compounds or heavy metals in the water and interfere with aquatic respiration. With an
increase in total solids also comes an increase in water temperature. As mentioned in
previous labs, this decreases the amount of oxygen available to the living organisms in
the stream (Mitchell & Stapp, 1996, p.71).

88

Pre-Lab Questions (Answer using complete sentences.)

I. Why do you think it is important to wear rubber gloves for this procedure?

2. Why would you avoid touching the cool beaker with your hands?

3. What kinds of things make up total solids? Give an example of a dissolved and a
suspended solid.

4. Describe one effect total solids have on aquatic life.
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Total Solids Lab
Purpose: The purpose of this investigation is to determine the amount of total suspended
and dissolved solids in a stream water sample.

Materials: Gloves, 300 mL beaker, oven, sensitive scale (0.0001 g), tongs,
Procedure:
1. Wearing gloves, weigh a clean and dry 300 mL beaker with a sensitive scale

(0.0001g).
2. Collect at least 100 mL of water about halfway to the stream bottom using the
weighed 300 mL beaker.
3. Place the beaker in a 103 degree F oven overnight.
4. Using tongs, remove the dry sample and reweigh it.
5. Subtract the initial mass in grams from the weight of the beaker and residue to obtain
the increase in weight, or weight of the residue.
6. Use the formula to determine total solids.
7. Use the total solids index table to determine a qualitative outlook on the data
(Nuemann & Smith, 1997, p. 23).
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Data:

2. Time: _ _ _ _ _ _ _ _ __

3. Weather Conditions:._ _ _ _ _ _ _ _ _ _ _ _ _ _ __

4. Weight of empty glass beaker:. _ _ _ _ _ _ _ _ _ _ __

5. Weight of glass beaker and residue:. _ _ _ _ _ _ _ _ _ _ _ __
6. Weight ofresidue:. _ _ _ _ _ _ _ _ _ __

Formula for determining solids is:
Weight ofresidue (g)
Volume of sample (mL)

X

1000mg
lg

X

1000 mL = _______mg/L

IL

7. Using the data and formula above, calculate for total solids. Show all work:

Official Reading =_____________mg/L
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8. Total Solids Index
Table 1 - Total Solids Index
Total Solids (mg/L)

Qualitative Aualysis

<100

excellent

100-250

.

good·

250-400

fair

>400

poor

- ·--

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality"
student handbook, (p.30) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative Analysis:. _ _ _ _ _ _ _ _ _ _ __

Conclusion: (Answer using complete sentences.)
1. Describe the sources of error associated with this investigation and tell what you

would do differently in the foture to obtain more accurate results.
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2. Why do you think the sample was taken from the middle of the stream?

3. What happens to the calculated total solids if tongs or dirty glassware is used?

4. What happens to the calculated total solids if less than 100 mL sample of stream
water is measured?
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Fecal Coliform
Background Information

Fecal coliform are bacteria that live in the feces of warm-blooded organisms.
Although they are not pathogenic, other organisms that are disease-causing tend to live
near them. In fact, if fecal coliform counts are over 200 colonies/lOOmL of a river water
sample, then there is a large probability that pathogenic organisms exist there too
(Mitchell & Stapp, 1996, p.34 ). People swimming and ingesting these waters have a good
chance of contracting illnesses like typhoid fever, hepatitis, gastroenteritis, dysentery and
ear infections. Pathogens are difficult to test and monitor, so scientists measure fecal
coliform to help determine the probability of contracting a disease.
Fecal coliform bacteria are found naturally in the digestive tracts of organisms.
They help break down food into useable energy for organisms. They end up in local
rivers as part of human and animal wastes by direct deposit, sewer systems and storm
runoff. It is important to have effective wastewater treatment plants with retention basins
to hold excess wastewater and prevent untreated wastes from being discharged into
rivers. Without retention basins, heavy rain conditions can result in higher fecal coliform
bacteria counts in downstream rivers. The probability of contracting a disease is much
greater in the presence of high concentrations of fecal coliform bacteria.
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Pre-Lab Questions (Answer using complete sentences.)

Please note: Content on this page was redacted due to copyright concerns.
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Fecal Coliform Lab

Please note: Content on this page was redacted due to copyright concerns.
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(Mitchell & Stapp,
1996, p.38-42).

Please note: Content on this page was redacted due to copyright concerns.
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Data:
1. Date:- - - - - - - -

2. Time:- - - - - - - 3. Weather Conditions:- - - - - - - - - - - - - -

4. Number of fecal coliform colonies:

----------

5. Conversion to lOOmL: (Show all work and units!)- - - - - - - - - - 6. Fecal Coliform Index
Table 1 - Fecal Coliform Index
# of fecal coliform colonies/100 mL

Qualitative analysis

<50

excellent

51-200

good

100-1000

fair

>1000

poor

Note: From "A Secondary Level Mini-Curriculum For the Analysis of Water Quality''
student handbook, (p.29) by Bennett & Hanson, 1996, Pullman: Science Mathematics
Engineering Education Center.
Qualitative evaluation of the site:- - - - - - - - - - - - - - -

Conclnsion: (Answer using complete sentences.)
1. What are possible sources of error associated with this experiment and what will you
do differently next time to obtain more accurate results?
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2. What might account for a petri dish with an uneven distribution of colonies (think of
sources of error)?

3. If one was testing for a source of pathogenic contamination, what two locations in a
river would one measure?
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Macroinvertebrate Analysis
Background

Measuring the macroinvertebrate community provides a biological measurement
of water quality. These insects respond very quickly to changes in a stream and can be
good indicators of stream health. Certain macroinvertebrates are able to thrive in water
conditions that may be intolerable to other species while other species are not pollution
resistant whatsoever. By making an inventory of macroinvertebrate species and grouping
them into sensitivity categories, we can quickly learn the status of the water quality
(Stevens, 2000a, p.7).

Pre-Lab Questions (Answer using complete sentences.)
1.

If you count 33 caddisflies out of a sample of 80 insects, what is their percent

abundance? Please show all work.

2.

If you found that flatworms have a% A value of 12%, what would be its S value?

3.

What is your positioning when using the Surber sampler? Why do you think this
positioning is recommended?
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Macroinvertebrate Analysis Lab
Purpose: To collect and identify macroinvertebrates in a stream sample to determine the

provisional water quality rating.
Materials: Surber sampler, small shovel, large bucket, distilled water, tweezers, sieve,

coHection jars, labels, alcohol, magnifying glass, compoµnd microscope, small dishes,
ceramic pan
Procedure:

1. Locate the first riffle upstream of the lower monitoring post with flow that is not
more than one foot in depth. Do not walk over or disturb the area to be sampled.
2. Place the Surber sampler firmly in position, with the opening facing upstream. Make
sure to stand at the side of the sampler, not upstream ofit.
3. Pick up rocks within the framed quadrant and while holding them at the mouth of the
net, brush them free of all organisms. Discard cleaned rocks outside of the quadrant.
4. Use a small shovel or spike tool to gently disturb the substrate to a depth of about six
inches (15cm). Collect organisms in the Surber's net.
5. Lift the Surber sampler out of the water. Tilt the net up and out of the water while
keeping the open end pointed upstream. This helps to wash the organisms into the net.
6. Fill a large bucket l4 full of surface water. Rinse the net inside out with distilled water
and use tweezers to empty the Surber contents into the bucket.
7. Obtain collectingjars and fill about l4 full of surface water.
8. Strain organisms with a sieve and carefully place in collection jars.
9. Label the jars with the stream and site names, date and number.
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10. If testing samples will be performed the same day, slightly twist top on jar. If testing
will take place another day, fill the jar :Y. of alcohol for preservation.
11. When ready to identify, pour off most of the alcohol or water into a container being
careful not to lose any organisms.
12. Pour organisms and liquid into a white ceramic pan.
13. Separate similar looking organisms into the same dishes.
14. Identify and count the organisms using a macroinvertebrate key.
15. Record the number of individuals from each species in the"#" columns on the data
tables. If any exotics (species that aren't present in the key) exist, tally and record
separately in the data section.
16. Record the total number of organisms in the data section.
17. Calculate the % abundance for each organism by dividing the number of organisms in
the group divided by the total number of organisms collected. Record percentages in
the tables.
18. Decide if an organism is rare (R), common (C), or dominant (D), and record its
abundance rating letter on the table. An organism is rare if it is less than 5% of the

total population collected. An organism is common if it is between 5 and 25% of
the total population collected. Finally, if the number of organisms is greater than
25% of the total population collected, it is considered dominant.
19. Calculate the S value for each organism. This is a sensitivity score based on the table
below. Record the S value for each organism on the data table in the data section.
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Table oflndex Score (S value)
Sensitivity
Category I
(Intolerant)
R=Rare
4

Sensitivity
Category II
(Intermediate)
2

Sensitivity
Category III
(Tolerant)
0

C=Common

6

3

-1

D=Dominant

5

2

-3

'

Note: Reprinted with permission from "Water Quality Monitoring" handbook, (p. 7) by
Stevens, 2000, Walla Walla: Walla Walla County Conservation District.
20. Add Category I "S" values and record.
21. Add Categmy II "S" values and record.
22. Add Category ID "S" values and record.
23. Sum Category I, II, and ID and record as the biological index of water quality.
24. Using the provisional water quality ratings table and the biological index of water
quality, give the stream sample a water quality rating score (Stevens, 2000a, p. 7-8).

103

Data:
1. Date:

-------

2. Time:- - - - - - -

3. Weather Conditions:

--------------

4. Total # of organisms in sample:. _ _ __

5. Total# of exotics: _ _ __
6. Sensitivity Category I Data Table
T abl e 1 - Sens1tiv1tv
. . . C ate orv I
Organism
#
% Abundance

Abundance Category
<R, C orD)

Index Score
(S-value)

Mayflies
Stoneflies
Caddisflies
(case-makers)
Water Pennies
Hellgrammites
Note: Adapted with perm1ss1on from "Water Quality Momtonng" handbook, (p.8) by
Stevens, 2000, Walla Walla: Walla Walla County Conservation District.
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7. Sensitivity Category II Data Table
T able 2 - S ens1·rIVHY
·1 C ae
t ory II
Organism
#
% Abundance

Abundance Category
(R, C orD)

Index Score
(S-value)

Riffle Beetles
Flatworms
.

.

Segmented
Worms
Crane Flies
Water Beetles
Caddisflies
(net-spinners)
Note: Adapted with pe1m1ss10n from "Water Quality Momtormg" handbook, (p.8) by
Stevens, 2000, Walla Walla: Walla Walla County Conservation District.

8. Sensitivity Category ill Data Table
Table 3 - Sensitivitv Catei orv III
Organism
#
% Abundance

Abundance Category
ffi, C, or D)

Index Score
(S-value)

Midges
Leeches
Snails
Clams
Black Flies
Crayfish
Dragon- or
Damselflies
Scuds

Note: Adapted with permission from "Water Quality Monitoring" handbook, (p.8) by
Stevens, 2000, Walla Walla: Walla Walla County Conservation District.
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9. Category I total S values added together=_ _ _ _ __
10. Category II total S values added together=_ _ _ _ __
11. Category III total S values added together =_ _ _ _ _ __
12. Sum of S values of all categories =_________= Biological Index of
Water Quality
13. Provisional Water Quality Ratings Table
Table 4 - Provisional Water Qualitv Ratings
Biological Index (Sum Score)
Rating
< 15
15-20
20-25
>25

Poor-indicates degraded water quality
and habitat oroblems needim! reoair
Fair-conditions improved but still
somewhat imnaired
Good-only slightly reduced stream
health indicated
Excellent

Note: Adapted with permission from "Water Quality Monitoring" handbook, (p.8) by
Stevens, 2000, Walla Walla: Walla Walla County Conservation District.
Stream Quality Rating: _ _ _ _ _ _ __

Post-Lab Questions (Answer using complete sentences.)
1. What sources of error were associated with this investigation and what could you do

differently next time to obtain more accurate results?
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2. What sensitivity category did most of your organisms belong to? What can one
conclude from these results?

3. What environmental factors influence the types of organisms you found?

4. Based on the water quality rating, what can one conclude about the stream's health at
that particular testing site?
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Plan of Action

The "Plan of Action" final assignment is not only a synthesis of your work, but is
a detailed description of how your community needs to change in order to maintain
and/or improve water quality. Your 2-3 page double-spaced report must include a
diagnosis of stream quality using at least one data table that is based on your investigative
results. Your "Plan of Action" will also highlight the main concerns of water quality in
Yellowhawk Creek and suggest useful ways to improve it. This is the culmination of your
learning experience. Clearly share what you have learned and expand on the results to
help your community improve water quality.
Plan of Action Scoring Rubric

Points Earned

1 Report is double-spaced, 2-3 pages and typed.

5 4 3 2 1 0

2

Report has few spelling and grammar mistakes.

543210

3

Report has a complete synthesis of chemical, biological and
geological results.

5 4 3 2 1 0

4. Data table has a title, subtitles, units and clarity.

543210

5. Report has a detailed description of the major problems associated
with water quality and suggestions on how the community can
help improve them.

5 4 3 2 1 0

6. Report shows evidence of thorough investigation.

543210

7. Report is factual and clear.

543210

8. Report reflects accuracy.

5 4 3 2 1 0

9. Report accurately cites at least 3 credible sources.

543210

10. Report has an AP A reference section.

5 4 3 2 1 0

11. Total Point Earned: _ _ _ /50 x 2 =_ _ _ _ _ _ _ /100
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CHAPTERS
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
Summary
After careful consideration of Walla Walla High School's science curriculum, the
Washington State Essential Academic Learning Requirements, the National Science
Teaching Standards, and the research supporting hands-on environmental learning, the
author was determined to produce a lab manual that met many of the learning goals using
the local stream habitat. The Water Quality Analysis lab manual complements a HACH
water testing kit available to schools through an equipment loan program donated by
Washington State University. The lab manual's format is widely accepted by universities
and the scientific community and has real-life applications. The procedures in the manual
have been practiced, modified and re-written for maximum student learning,
comprehension and achievement.
The author's purpose for the project was to provide students and other educators a
tool to aid in learning the biological, chemical and geological elements of the freshwater
biome. Furthermore, students who use the manual have the opportunity to develop an
appreciation for nature, work with others for a common and useful purpose, develop
critical thinking and reasoning skills, and practice real science. Using the manual has
cognitive, academic, personal and societal benefits.
Conclusions
Pamela McBride, an educator of nearly thirty years with advanced degrees in
biology and education, critiqued the lab manual for its potential use. She found the
manual to be "student-friendly'' and a useful complement to the HACH test kits used by
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her school. She liked the fact that all the lab investigations were in one package so that
students can refer to previous studies and apply their learning to new ideas for better
understanding. The format used in the manual is also consistent with her school's
laboratory fo1mat and thus familiar to students.
Further critique of the manual found the pre-lab questions to allow for prediction
and practice calculations, which aid in student understanding and preparedness for the
investigations. The lab procedures are written in a language that student's can easily
understand and follow which maximize both safety and learning. The conclusion and the
Action Plan project are designed to review the data and allow for synthesis and real-life
application. Not only do these allow for higher-order thinking skills, but also promote a
sense of ownership and pride in the students' environment (personal communication,
November, 2003).
Pamela McBride's positive critique of the manual led the author to participate in
the Washington Science Teachers Association conference held in Pullman, Washington
in November 2003. The author had the opportunity to present the manual to other
Washington state teachers and college students. The feedback on the manual was
positive. Teachers were appreciative of the completeness of the manual and found it to be
a potentially useful tool with the HACH testing kits. One teacher claimed that the
Macroinvertebrate Analysis lab was the best he had ever run across.
Recommendations
The lab manual was developed by the author to aid teachers and students in the
learning of the freshwater biome using the local stream environment as its primary
resource. Due to the lack of a HACH lab manual that includes background information,
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student friendly procedures, pre-and post-lab questions, and a summative project of
analysis, the author developed a manual that included these necessary features for
maximum student learning. Along with the chemical tests that the HACH company
provided, the author also added some assessments of the geology and biology of the
.environment for a more comprehensive analysis.
Upon planning for a freshwater biome unit, educators must make many
assessments. First, educators must consider their local environments and decide if it lends
itself for safe and effective learning. Seasonal weather and equipment availability should
also be kept in mind. Teachers should also decide on how much background information
is necessary to lead up to this activity and how it is presented. As an inquiry-based
activity, teachers should pose a problem or question about the local freshwater
environment and have students use the manual as a tool to help them find a solution or
answer to their problem or question.
The author suggests using the lab manual as a tool of investigative inquiry. The
background information and pre-lab questions should be covered a day in advance of
each outdoor investigation. Students should be accountable for this information before
being allowed to participate in the procedures to reinforce safety and academic
responsibility. On the day of each lab investigation, it is recommended that the pre-lab
questions be answered and graded aloud. The teacher should also demonstrate any new
lab techniques and safety precautions. During the data collection, it is important for
educators to encourage participation and sharing among students. It is important for
educators to question and evaluate students during this process as well. Teachers should
take notes on individual student questions, comments and participation.
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After the data collection is completed by all students in a class setting, educators
should encourage the sharing of data. Class results should be combined to obtain the most
representative results. If a school has access to more sophisticated measuring equipment,
comparisons should be made of HACH scores with other devices' obtained
measurements. Percent differences should be calculated and discussions of accuracy and
precision should be made.
Finally, the pre-lab questions should be answered, evaluated and discussed before
moving onto the next lab investigation. Students will gain experience and understanding
from each previous investigation that they can apply to new ones. After having completed
all of the investigations, students should be involved in the Action Plan activity that
summarizes their findings and puts their analysis and research into motion. This activity
reinforces the notion that their work is valid, meaningful and useful. Copies of
representative lab manuals should be retained year after year by the educator for further
analysis of data and other teaching applications.
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APPENDIX A

Date: Mon, 6 Oct 2003 13:11:42 -0600
From: "Dean S. Hanson 11
To: 11 Tracy and John Royse 11

Reply-To:
>
Subject: hello T
Organ~~ation: Environment Control
X-MSMail-Priorlty: Normal
X-Mailer: Microsoft Outlook, Build 10.0.4510
Importance: Normal
X-MimeOLE: Produced By Microsoft MimeOLE V6.00.2800.1165
Hi Tracy, I remember you well. I'll send another copy for printing but you have my
permission to use any material produced or co-authored by Dean Hanson. I am sure you will
easily and dramatically improve any of my work based on my memories of your work in the
past.
I hope for you and your family you are able to stay at home a long long time. I hope
John 1 s business continues to do very well. I 1 ve met him and he certainly knows what he is

doing.
Good luck with the conference and have fun.
Dean
Environment Control

A Building Maintenance Company
11
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